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Malmö Diet and Cancer (Malmö) Study

Sweden
The Malmö study is a population-based cohort designed to investigate the relationship between dietary factors and certain forms of cancer. At baseline in 1991-1996, a total of 28,449 adults, aged 40 to 70 years were invited to participate in the study. The cardiovascular sub-cohort consists of 6,103 adults (46-68 y, 58% females) randomly selected from the parent Malmö cohort. A total of 4,924
Berglund, et al. J Intern Med. 233, 45-51, 1993 (7) adults with available DNA and who provided valid dietary information were eligible for the current analysis.
Uppsala Longitudinal Study of Adult Men (ULSAM)
Sweden
The ULSAM is a longitudinal community-based cohort study aimed at identifying metabolic risk factors for CVD and type 2 diabetes. The study was initiated in 1970-74, when all 50-year old men living in Uppsala were invited to enroll in the study and a follow up study was conducted 20 years later. Of the 1,681 available 70-year old men invited to the follow up study, a total of 942 non-diabetic adults with available DNA and data from a seven-day registration were eligible for the current analysis. 
Gene-Lifestyle interactions And Complex traits Involved in Elevated disease Risk (GLACIER)
Sweden
The GLACIER Study is a population-based cohort study of ~20,000 adults in the northern Swedish county of Västerbotten. As part of the Västerbotten Intervention Programme (VIP), a health and lifestyle examination was conducted on the majority of GLACIER participants. VIP is an ongoing population-wide project aimed at monitoring the health of Västerbotten residents and providing information on healthful lifestyle behaviors to study participants. 
Netherlands
The Rotterdam Study is a prospective population-based cohort study designed to investigate the prevalence and incidence of and risk factors for chronic diseases in the elderly. The baseline exam was conducted between 1990 and 1993 in Ommoord, a suburb of Rotterdam. A total of 7,983 adults, aged 55 years and over, participated in the study. A total of 2,304 adults with available DNA, valid dietary information, and consent to share genetic data were eligible for the current analysis.
http://www.epib.nl/research/ergo.htm 
Italy
InCHIANTI is a population-based study designed to evaluate the factors that influence mobility in older people in the Chianti region of Tuscany, Italy. A total of 1,616 residents were selected from the population registry of Greve (a rural area: 11,709 residents with 19.3% of the population greater than 65 years of age), and Bagno a Ripoli (Antella village near Florence; 4,704 inhabitants, with 20.3% greater than 65 years of age). The participation rate was 90% (n=1453), and the participants ranged between 21-102 years of age. For the present study, 1,071 adults with available DNA and who provided complete dietary information were eligible for the current study. (14) adults with available DNA, valid dietary information, and consent to share genetic data were eligible for the current analysis. Table S2 . Characterization of whole grain intake in each of 14 cohorts
Dietary Assessment Method
Description
FFQ Line items / Top contributing Food Groups
Health ABC FFQ A 108-item interviewer-administered FFQ (Block Dietary Data Systems, Berkeley, CA). Participants were asked to indicate how often, on average, they consumed various foods and beverages over the past year according to nine frequency categories, ranging from "never" to "every day". Portion size information was collected by trained interviewers using wood blocks, food models, standard kitchen measures, and flash cards to help participants estimate portion sizes. Individuals with serious errors (skipped >15% of items or reported <3 or >20 foods/day) on the FFQ and those who reported energy intakes less than 500 kcal/d or greater than 3,500 kcal/d in women and less than 800 kcal/d or greater than 4,000 kcal/d in men were excluded. 
AGES
Dietary Questionnaire
A self-administered 30-item dietary practice questionnaire was reviewed by a trained interviewer. Specific questionnaire items were customized to capture food consumption of unique Icelandic foods. Participants were asked to report how often, on average, they consumed various Icelandic foods in a typical week according to seven frequency categories, ranging from never to more than once per day. Portion sizes were not specified.
Three Line Items:
Rye bread
Whole wheat or coarse-grain bread
Oatmeal or muesli
Fenland FFQ A self-administered 130-item semi-quantitative Willett FFQ. The lists of foods were modified to reflect important sources of nutrients in the average British diet. Food and macronutrient intakes were estimated in grams per day. Participants were asked to indicate how often, on average, they consumed various foods and beverages over the past year according to 9 frequency categories, ranging from never or <1 time/mo to ≥6 times/d. Portion sizes were specified.
Five Line Items:
Wholemeal bread history with FFQ menu book. At the second visit (after approximately 2 weeks) individual interviews were conducted by trained diet interviewers to complete the diet history and to check for completed questionnaire. The 7 day menu book collected information on cooked lunch and dinner meals, cold beverages, and supplements. The 168-item dietary questionnaire covered foods regularly consumed during past year. Usual portion sizes were estimated using a booklet containing 48 photographs. During the 1-h interview, the participants were asked questions about food choices, portion sizes (using a more extensive book of photos) and food preparation practices. Overlapping information and very high reported intakes were also checked. Regular use of supplements was recorded in a questionnaire. The average daily intake of foods (grams per day) was calculated based on the information available in the menu book (and interview) and questionnaire. Food intake was converted to nutrient intake using a database specifically developed for the Malmö study and originated from the Swedish National Food Administration. Dietary information was judged reliable by a trained interviewer during the 1-hour diet interview. 
Three Line Items:
Bread with >6% fiber
Grain crisps with >10% fiber Cereals with more than 10% fiber ULSAM 7-day food record A 7-day food record, using an optically readable form (OMR) in a subset of 1,138 men. The participants were given oral instructions by a dietitian on how to perform the dietary registration. Each subject recorded their dietary intake in the OMR book, by marking a horizontal pencil stroke in an oval. The menu book included written instructions with an example of how to complete the book. The record sheets started with "day 1" followed by six additional days. For each meal (breakfast, lunch, dinner and snacks) the respondent was asked to specify where and at what time the meal was eaten. The amounts consumed were reported in household measurements or specified as portion sizes according to a photograph showing four different portion sizes. Food items that were eaten, but not described in the menu book, were to be reported as "others". For food not found as a pre-coded alternative and for snacks, some additional coding by a dietitian was needed prior to data input. Dietary information was judged as unreliable and excluded from further analysis if total energy intake was +/-3SD from the mean energy intake. Top-contributing foods:
Whole grain bread
Hot Cereals (mainly porridge) GLACIER FFQ Using a 66-item, self administered FFQ, participants were asked to indicate how often, on average, they consumed various foods and beverages over the past year according to 9 frequency categories, ranging from never to 4 or more a day. Participants indicated their average portion of (1) potato/pasta/rice, (2) vegetables and (3) meat/ground meat/sausages by comparison with four colour photos illustrating four plates with increasing portion sizes of potato, vegetables and meat. For the other food items, we assumed a standard portion size value (as described by the National Food administration's statistics database, www.slv.se). Dietary information was judged as unreliable and excluded from further analysis if estimated energy intake was <2.5% or >95% for the entire Northern Sweden FFQ database (N~93,000 observations). Energy intake values were calculated as estimated energy intake divided by estimated basal metabolic (using the equations defined by Schofield, 1985). Rotterdam Study FFQ Dietary assessment followed a two-step procedure: 1) A simple self-administered questionnaire was first completed at home, only questions were asked about which food items were consumed; no questions about portion sizes (or frequency) were asked during this step.
2) A subsequent structured interview was later conducted at the research center with a trained dietitian Participants were asked to indicate how often, on average, they consumed various foods and beverages over the past year according to 9 frequency categories, ranging from never or <1 time/mo to ≥6 . Genotypes were available on 914,263 high quality SNPs for imputation based on the HapMap CEU (release 22, build 36) using the MACH software (version 1.0.16). CHS study samples were genotyped using the Illumina HumanCNV370-Duo BeadChip system. African American participants were excluded from analyses. Genotyping was successful in 3,291 participants of European descent free of cardiovascular disease at baseline. The following exclusions were applied to identify a final set of 332,946 SNPs: call rate >95%, HWE P > 10 -5 , 2 duplicate errors or Mendelian inconsistencies (for reference CEPH trios). Imputation was performed using BIMBAM10 v0.91 with reference to HapMap CEU using release 21A, build 35 using one round of imputations and the default expectation-maximization warm-ups and runs. SNPs were excluded for variance on the allele dosage ≤0.01.
CHS
FHS
Affymetrix 500K and MIPS 50K
Yes MACH FHS study samples were genotyped using Affymetrix 500K (250K Nsp and 250K Sty) and MIPS 50K. Samples QC: call rate filter was set at > 97%; heterozygosity filter was set at 5 SD from the mean; samples were excluded if > 1000 Mendelian errors. SNPs QC: MAF >1%; HWE < 10 -6
; call rate > 95%. Imputation was made using MACH software: Ratio of variance of dosage to expected variance under binomial model >0.3.
©2010 American Diabetes Association. Published online at http://care.diabetesjournals.org/cgi/content/full/dc10-1150/DC1 ARIC Affymetrix 6.0 Yes MACH ARIC Study samples were genotyped using the Affymetrix Genome-Wide Human SNP Array 6.0 (Santa Clara, California); for the current analysis only white participants were analyzed. Sample exclusion criteria included discordant with previous genotype data, genotypic and phenotypic sex mismatch, suspected first-degree relative of an included individual based on genotype data, genetic outlier as assessed by Identity by State (IBS) using PLINK and >8 SD along any of the first 10 principal components in EIGENSTRAT with 5 iterations. Autosomal SNPs were used for imputation after exclusion of SNPs with HWE deviation p<5 x 10 -5
, call rate <95%, or MAF<1%.
FamHS
Illumina HumMap chip (974 on 550K, 249 on 610K, and 1482 on 1Million)
Yes MACH All participants were typed on an Illumina HumMap chip. The initial 974 were typed with 550K density; 249 were typed at 610K, and the remaining 1482 at 1M. Of these, 34 (3.3%) were excluded due to technical errors, call rates below 98%, and discrepancies between reported sex and sex-diagnostic markers. There was no significant plate-to-plate variation in allele frequencies. Rotterdam Illumina 550K Yes MACH Genotyping was conducted using the Illumina 550K array among participants of self-reported European descent, and succeeded in 6,240 participants (sample call rate = 97.5%). We excluded participants for excess autosomal heterozygosity, mismatch between called and phenotypic gender, or being outliers identified by the IBS clustering analysis. The final population for genetic analysis comprised 5,974 participants. SNPs were excluded for minor allele frequency <1% , Hardy-Weinberg equilibrium p-value<10 -6 , or SNP call rate <90% resulting in data on 530683 SNPs.
AGES
InCHIANTI
Illumina 550K Yes MACH Genotyping in InCHIANTI was conducted using Illumina 550K. Samples QC: call rate filter was set at > 98.5%; sex misspecification. SNPs QC: MAF >1%; HWE > 10 -4
; call rate > 99%. Imputation was made using MACH software: Ratio of variance of dosage to expected variance under binomial model >0.3, MAF > 1%.
GENDAI
Applied Biosystems Taqman
No N/A Genotyping was performed using Taqman (Applied Biosystems), in accordance with the recommended protocols. The mean call rate for all SNPs was >95%
GHRAS
Applied Biosystems Taqman
No N/A Genotyping was performed using Taqman (Applied Biosystems), in accordance with the recommended protocols. The mean call rate for all SNPs was >95% ©2010 American Diabetes Association. Published online at http://care.diabetesjournals.org/cgi/content/full/dc10-1150/DC1 Demographic and socioeconomic characteristics were ascertained at the baseline examination by a trained interviewer. Height (to the nearest 0.25 inch) and weight (to the nearest 0.25 lb) were measured with the subject standing, with shoes off, wearing only a hospital gown. Body mass index (BMI) was calculated from measured weight (kg)/height(m) 2 . Physical Activity: PAL was assessed as a weighted average of the proportion of a typical day spent sleeping and performing sedentary, slight, moderate, or heavy physical activities (expressed in metabolic equivalents) (33) . Family Structure: Unique to Framingham Level of Education: Continuous, ranging from 0 to 30 years of education. Smoking : Classified as cigarettes smoked regularly in last year (yes/no) Alcohol: Calculated as grams per day ARIC ≥8-hour fasting blood samples were drawn from an antecubital vein into tubes containing a serum separator gel. Serum glucose levels were assessed with a hexokinase/glucose-6-phosphate dehydrogenase method.
≥8-hour fasting insulin was measured by radioimmunoassay ( 125 Insulin kit; Cambridge Medical Diagnosis, Bilerica, MA), with a 7 pmol/l lower limit of sensitivity and 33% cross-reactivity with proinsulin (34) Demographic and socioeconomic characteristics were ascertained at the baseline examination by a trained interviewer. Height (to the nearest 1 cm) and weight (to the nearest 0.50 lb) were measured with the subject standing, with shoes off, wearing light-weight, non-restrictive underwear. Body mass index (BMI) was calculated from measured weight (kg)/height(m) 2 .
Physical Activity: Assessed as both sport and leisure time using the Baecke questionnaire (35) . A sports activity score and a leisure activity score ranged from low to high (five quintile categories) ©2010 American Diabetes Association. Published online at http://care.diabetesjournals.org/cgi/content/full/dc10-1150/DC1
Field Center: 4 centers Level of Education: Categorized in the following 6 groups: (grade school or none, some high school, high school graduate, vocational school, college, graduate/professional school). Smoking: Current/ former/ never/ missing or unknown Alcohol: Calculated as grams per day FamHS ≥8-hour fasting blood samples were collected, allowed to clot, centrifuged, aliquoted, and frozen at -70 degrees Celsius before shipment to a central processing laboratory. At the central processing laboratory, glucose was measured by a thin film adaptation of a glucose oxidase enzymatic, spectrophotometric procedure using the Vitros analyzer (Ortho Clinical Diagnostics, Rochester, NY)
≥8-hour fasting insulin was measured using the coated-tube radioimmunoassay method distributed by Diagnostic Products Corp. (Los Angeles, CA)
Demographic and socioeconomic characteristics were ascertained at baseline by questionnaire. Body mass index (BMI) was calculated from measured weight (kg)/height(m) 2 . Physical Activity: Expressed as minutes per day spent exercising Level of Education: Categorized in 3 groups (high school graduate or less, vocational school, college or more) Field Center: 4 centers and family structure unique to study. Smoking: Classified as current, former, never, missing or unknown. Alcohol: Expressed as drinks per week and expressed as non-drinkers, 1-3 drinks, 4-7 drinks, 8-14 drinks, ≥14 drinks AGES ≥8-hour fasting blood samples were collected from participants. Glucose was measured on a Hitachi 912 using reagents from Roche Diagnostics following manufacturer's instructions.
Insulin was measured in serum by electrochemiluminescence immunoassay on the Roche Elecsys 1010/2010 analyzer.
Demographic and socioeconomic characteristics were ascertained from self-report through an interviewer-administered questionnaire. BMI was calculated from clinical measurements for height and weight. Physical Activity: Assessed by questionnaire and participants self-reported how often they participated in moderate or vigorous physical activities in current life. Five categories of physical activity: never, rarely, occasionally, moderately often or frequently. Level of Education: Categorized in 4 groups -primary school, secondary school, college, and university. Smoking: Current smokers and not-current smokers (yes/no). Alcohol: Calculated as grams per week Fenland ≥8-hour fasting plasma glucose was measured with a hexokinase kit (Siemens Healthcare). The assay is automated on the Dimension RxL Analyser (Siemens Healthcare). The absorbance due to NADH is determined using a bichromatic endpoint technique.
For serum insulin, samples are assayed in singleton on a 1235 AutoDELFIA automatic immunoassay system using a two-step time resolved fluorometric assay (Kit No. B080-101). All reagents, standards and consumables are those recommended and supplied by the manufacturer.
Demographic and socioeconomic characteristics were ascertained?? Body mass index (BMI) was calculated from measured weight (kg)/height(m) 2 . Physical Activity: Not available Level of Education: Not available Smoking: Current/ former/ never/ missing or unknown Alcohol: Current / former/ never drinker/ missing or unknown
Malmö
Glucose was measured in overnight fasting whole blood samples by a hexokinaseglucose-6-phosphate dehydrogenase method. Blood glucose was converted to plasma glucose using a correction factor of 1.13.
Insulin was measured by non-specific radioimmunassay in overnight fasting blood samples.
Demographic and socioeconomic characteristics were ascertained from an extensive questionnaire. BMI was calculated from measured weight (kg)/height(m) 2 . Physical Activity: Leisure-time physical activity was obtained from a list of 18 different activities. The duration of each activity was multiplied by an intensity factor creating a score. The score was divided into quartiles. Level of Education: Categorized in 6 groups: elementary; primary and secondary; upper secondary; further education without a degree; university degree; unknown Smoking: Classified as current, former, never smoking, or missing/unknown ©2010 American Diabetes Association. Published online at http://care.diabetesjournals.org/cgi/content/full/dc10-1150/DC1 Alcohol: Non consumers (no alcohol in the 7-day food diary + no alcohol consumption during the previous year in the questionnaire). Other participants were divided into gender-specific quintiles according to their reported intake in the 7-day diary.
ULSAM
≥8-hour fasting venous plasma samples were obtained from the antecubital vein. Glucose was measured by the glucose dehydrogenase method (Gluc-DH, Merck, Darmstadt, Germany). The intra-individual CV for fasting plasma glucose was 3.2%.
Plasma insulin was assayed using an enzymatic-immunological assay (Enzymmun, Boehringer Mannheim, Germany) performed in an ES300 automatic analyser (Boehringer Mannheim) and the levels were originally given in mU/l.
Demographic and socioeconomic characteristics were ascertained at baseline from an extensive interviewer-administered questionnaire. Height was measured to the nearest whole cm, and body weight to the nearest 0.1 kg. BMI was calculated from measured weight (kg)/height(m) 2 .
Physical Activity: Leisure time physical activity was assessed using a questionnaire and participants were classified into four categories are referred to as sedentary, moderate, regular and athletic physical activity (36 Fasting insulin and fasting glucose were quantified from samples collected at the baseline examination (when dietary intake information was collected) in all cohorts, with the exception of Rotterdam, where fasting glucose and fasting insulin were quantified from samples collected approximately 6 years after the assessment of dietary intake. 2 
In CHS, all missing values were imputed. 2 In AGES, dietary covariates were chosen empirically from the abbreviated list available dietary variables (significant correlation with whole grain intake, p <0.001) 3 For more details on covariates refer to Table S5 Table S7 . Main effects (β ± SE) of daily whole grain servings on fasting glucose and fasting insulin across each of 14 cohorts All such values, adjusted for model 2 covariates: above, plus categories of cohort-specific education level metric, categories of cohort-specific physical activity level metric, smoking status (current, former, never), alcohol intake (grams/day) 3 All such values, adjusted for model 3 covariates: above, plus cohort-defined dietary confounders, including fruit, vegetables, red or processed meats, fish, nuts/seeds, and coffee. 4 All such values, adjusted for model 4 covariates: above, plus body mass index (kg/m 2 ) *p <0.05 Table S8 . Interactions between whole grain intake and select SNP genotypes for fasting glucose and fasting insulin across each of 14 cohorts (interaction term β (SE)) Figure S1 . Relationship between sample size and estimated statistical power for a range of interaction effect sizes. Education level and physical activity were defined uniquely by cohort; smoking status was characterized as current, former, or never in 12 cohorts and as current or not current in 3 cohorts (FHS, AGES, ULSAM); education level, smoking status, and alcohol intake were not adjusted in the GENDAI cohort (5 th and 6 th graders).
Glucoserelated SNP
Health ABC
(b) Adjusted for model 3 covariates: model 2 + red or processed meat, fish, vegetables, fruit, coffee, nuts & seeds Most cohorts included each of dietary covariates listed in the table as servings per day or grams per day; exceptions are noted in Table S6 . Education level and physical activity were defined uniquely by cohort; smoking status was characterized as current, former, or never in 12 cohorts and as current or not current in 3 cohorts (FHS, AGES, ULSAM); education level, smoking status, and alcohol intake were not adjusted in the GENDAI cohort (5 th and 6 th graders). Table S6 . 
